
Editor: I would suggest that the authors consider uploading the Skogen and Søiland user’s 
guide as supplementary material if possible. This follows the suggestion made in the abstract 
of GMD’s 2013 editorial:  
http://www.geoscientific-model-development.net/gmd_journal_white_paper.pdf  
 
Reply: We have asked the permission of first author Morten Skogen and will upload the report as 
supplementary material.  
 
Editor: If I am reading this correctly, this analysis has focused on the drift of basin-averaged 
nutrients. If the basin is large enough, or the input / output fluxes small enough, this sort of 
drift is always going to be small in size. I believe that the referee was more concerned with the 
behaviour at smaller scales, for instance for particular water columns. At such scales, there 
could be large interannual drifts as the model redistributes its currency around its domain 
even if the total inventory of the same currency shows almost no change. In such a case, it 
would be difficult to judge the model as being at “steady state”.   
That said, in a spatially-resolved model such as this one, driven under observationally-derived 
forcing for a relatively small number of years, it is not straightforward to establish “steady 
state”. However, it should still be possible to show how basin-scale properties (or perhaps 
those in the sub-regions studied in this manuscript) vary with time. I’m thinking here of 
primary production, plankton biomasses, surface / deep nutrient concentrations. Time-series 
plots showing how these integrated or averaged properties “level off” over a few years should 
give an idea of how close to “steady state” the model is. It should also reassure readers that 
sufficient time has been allowed for the model to reach a semi-repeating annual cycle in these 
major properties in the sub-regions of interest.  
  
Reply: A figure showing the evolution in three different subdomains of the model has been added to 
supplementary material and the text describing the drift now reads: 
“During the spin-up there was an adjustment of basin-averaged silicate of about 0.2 mmol/m3 
during the first year, followed by a decreasing trend of about 0.2 mmol/m3 per decade that continues 
throughout the model run.  For the basin-averaged nitrate and phosphate there are no initial 
adjustments, but throughout the run there are decreasing trends of less than 0.1 mmol/m3 and 0.004 
mmol/m3 per decade respectively. The drift in the North Atlantic and the Norwegian Sea and 
Barents Sea boxes (Figure 1) are larger than for the entire domain (Figure S1).  The largest changes 
are the level from 100 to 500 meters and the same reduction of nutrients is seen in the surface 
values during winter.  There is a small reduction in maximum phytoplankton over time, but primary 
production shows no drift.  The basin-scale drift of nutrients was investigated previously in a 50-
year run with HYCOM-NORWECOM V1.0 on the coarse model grid also used in this study. There 
was a small drift for the concentration of all three nutrients of ~0.1 mmol/m3

 for nitrate (increase) 
and silicate (decrease) and a ~0.01 mmol/m3 decrease of phosphate (Hansen, 2008), therefore we do 
not anticipate that this drift will subside with time and conclude that three years spin-up is sufficient 
for the system.” 
 
Editor: Your Figure R4 may show the reason for this – the parameterisations of the 
functional forms used means that the shape of the response curve is not significantly different 
for the range of zooplankton concentrations studied. I’ve found this in some of my own work 
(e.g. Yool et al., GMD, 2011), and I would expect it to be a feature of many models. If you 
include Figure R4 in the manuscript (as supplementary material?), you could modify your 
text to draw attention to this lack of strong difference in functional response for reasonable 
values.  
Reply:  We have included the figure as supplementary material and added text to the discussion 
section: 



“The zooplankton mortality is the closure term in the model, but contrary to some earlier studies 
(e.g Steele and Henderson, 1992) perturbations of the functional form of the mortality in N04 had 
little effect on the results. One possible explanation for the low sensitivity is that the zooplankton 
mortality resulting from the different functional forms is not very different over the range of 
common zooplankton concentrations (Figure S6). A similar response of the model to the functional 
form of the zooplankton mortality was found in another modelling study (Yool et al., 2011).”  
 
Editor: See my previous remark. If you include Figure R4, this response can be strengthened 
somewhat.  
Reply: see previous point. 
 
Pg. 15: Change this text “We have shown that the model reproduces a reasonable annual 
cycle, but one persistent challenge the initiation time of the spring bloom is later than the 
observations” to “We have shown that the model reproduces a reasonable annual cycle, but 
the initiation time of the spring bloom is consistently later than the observations”  
Reply: Done. 
 
Pg. 16: Change this text “(the early seeding of the spring bloom by phytoplankton that was 
mixed down during winter: Backhaus et al., 1999)” to “(the early seeding of the spring bloom 
by phytoplankton entrained from the shallow seafloor by winter convection; Backhaus et al., 
1999)”  
Reply: According to Backhaus 2003 phyto-convection is not only a seeding mechanism in shallow 
areas, but also can be a seeding mechanism in the open ocean, therefore we chose to keep the 
sentence as it is, but have added a reference to Backhaus 2003: 
Backhaus J.O., E. Nøst Hegseth, H. Wehde, X. Irigoien, K. Hatten, and K. Logemann (2003): 
Convection and primary production in winter. Mar Ecol Prog Ser 251, 1-14. 
 
Figure 10: The second panel of this figure is fairly impenetrable. It looks to me like the 
months of January, March and November could be removed without impacting the figure at 
all. It might also be an idea to retain the colour scheme from the first panel, and show the 
months of May, July and September as dotted, dashed and solid lines.  
Reply: we chose to remove the winter months from the (b) panel, the figure looks much better now. 
 
Other changes:   
We rearranged the order of the supplementary materials in order to so that the reference in the text 
to Figure S1, S2, S3 etc. comes in that order.  
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Figure 2. Flow chart of the interaction between the individual model components in  3 

NORWECOM.  4 

 5 

 6 
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Figure 3. Spatial in-situ data coverage for nitrate in different years and seasons for the dataset 3 

used. The coverage for the other variables is similar.  The southern areas are mostly sampled 4 

in spring and summer, while the Arctic regions are more sampled in summer and fall.  There 5 

are very few open-ocean measurements during winter, but in the sections visible in the 6 

winter-panel (upper, left) there are observations for all years and seasons. 7 
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Figure 4.  Model efficiency (ME, see text) for the model simulations compared to all available 5 

observations from the period 1998-2001.  6 
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Figure 5.  Percentage bias (Pbias, see text) for the model model simulations compared to all 6 

available observations from the period 1998-2001.  7 
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 2 

Figure 6.  Taylor-diagram for comparison with in-situ chlorophyll for the entire area (ALL), 3 

the Barents Sea (BAS) and the Norwegian Sea including station M (NWS).  The curved 4 

dotted lines show the standard deviation relative to the observations. 5 
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 1 

Figure 7.  Percentage bias (Pbias, see text) in the upper 100 meters for the model simulations 2 

compared to all available observations from the period 1998-2001 in 2x1 degree boxes from 3 

the simulations with the fine-scale model with the original (TP0) and final set of parameters 4 

(TP1).   5 
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1 
Figure 8.  Model efficiency (ME, see text) in the upper 100 meters for the model simulations 2 

compared to all available observations from the period 1998-2001 in 2x1 degree boxes from 3 

the simulations with the fine-scale model with the original (TP0) and final set of parameters 4 

(TP1). 5 
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 1 

Figure 9. Profiles of difference between nitrate [mmol N/m3] model and observations in 2 

different months in the Norwegian Sea box  – solid lines (blue) are the revised simulation and 3 

dashed lines (red) the control run.  All observations in the Norwegian Sea box between 1998 4 

and 2001 have been used. 5 
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 1 

Figure 10. Chlorophyll profiles from the control and reference run using the higher resolution 2 

model in June (a) in the Norwegian Sea box as well the difference between observations and 3 

model in other months (b) – solid lines are the revised simulation and dashed lines the control 4 

run.  All observations in the Norwegian Sea box between 1998 and 2001 have been used. 5 
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Appendix 2 

Table A1. Location of changes in the model code, all files are located in 3 

https://svn.nersc.no/hycom/browser/HYCOM_2.2.12/CodeOnly/src_2.2.12/nersc/NORWEC4 

OM/ 5 

 
Parameter for 

tuning Relevant files Remarks 

N01 

Quadratic mortality 

for phytoplankton 

m_NOR05_detritus.F: line 

77-89  

mod_necessary_ecovars.F90: 

line 45-54 

ZOOPL is ‘defined’ in 

all runs in this paper 

N02/NO3 

Si:N-ratio in 

diatoms 

mod_necessary_ecovars.F90: 

line 45-54  

N04/NO5/NO6 

Meso zooplankton 

mortality 

m_NOR05_zoo_growth.F: 

line 53 

For quadratic mortality, 

the mortality was set 

inside the loop 

calculating 

mesozooplankton (this 

code was never 

submitted to the 

subversion control 

system). 

N07 

Combination of 

N01 and N02 See above for N01 and NO2  

N08/N09/N10 N:Chl-ratio biocom.h: line 107-108  

N11 

Grazing preferences 

for microzooplanton 

m_NOR05_zoo_growth.F: 

line 26, 100-132  

N12 

Grazing preferences 

for 

m_NOR05_zoo_growth.F: 

line 26, 101  
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microzooplankton 

N13 

Combination of 

N11 and N01 See above for N11 and N01  

N14 

Combination of 

N11 and N2 See above for N11 and N02  

N15 

Combination of 

N14 and N12 See above for N14 and N12  

N16 

Combination of 

N14 and reduced 

growth rate for 

phytoplankton 

See above for N14 

and 

m_NOR05_affin.F: line 64 

and 66   

 1 
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